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Intended Learning Outcomes
• To understand why high energy observation is important in the 

context of multi-messenger astronomy
• To compare different observational techniques in high energy 

astrophysics
• To understand the limitations of observational high energy 

astrophysics

A science case will be present on Wed by Ray Li



Why High Energies?
• High energy astrophysics can refer to astrophysics involving
• High energy photons (the focus of my lectures)
• High energy particles

• One can treat photon energies higher than UV as "high energy"
• High energy photons are probes of very energetic systems which 

are the most extreme environment in the universe
• For example, in blackbody radiation, by Wien’s Law, we have

Wavelength of peak radiation (Å) = 3 x 107 / T(K)
• To emit keV X-rays (~10 Å), one needs to achieve million of degrees.



Why High Energies?
• High energies require extreme conditions
• Extreme temperatures (hot plasma, supernova remnants)
• Extreme gravity (neutron stars and black holes)
• Extreme magnetic fields (neutron stars and white dwarfs)
• Extreme velocities (jets from black holes, supernovae)
• Extreme explosions (gamma-ray bursts)
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Spectral energy 
distribution (SED) of 
the Crab nebula

Aharonian 2005
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• High energy astrophysics covers a VERY wide range of physical 
processes.
• Because of the design of instrumentation, high energy 

observations can cover a wide range of timescales.
• Many different types of astrophysical objects emit high energies
• Moon, planets, comets

• High energy phenomena always connect to multi-messenger 
astrophysics
• Gravitational wave, neutrinos, cosmic rays
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Why High Energies?



Radiation Processes
• Bremsstrahlung (free-free emission)
• Blackbody radiation
• Synchrotron radiation
• Compton scattering
• Pair production
• Cherenkov radiation
• Nuclear interactions
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Neutron Star Merger

Fernandez & Metzger 2016



A giant flare from a magnetar in NGC 253

11Roberts+ 2021

Svinkin+ 2021



12Bhardwaj 2010



X-rays and Gamma-rays
• There is no clear boundary for X-ray and gamma-ray 

wavelengths.
• Usually something > 100 keV can be regarded as gamma-rays. 

Typical gamma-ray observatories can be sensitive to MeV-GeV. 
TeV and PeV gamma-rays can be “seen” from the ground.
• In X-rays, it is common to sub-divide into soft (< 2 keV) and hard

(> 10 keV). Again, the above is not an absolute standard.
• In gamma-rays, sometime we also use very high-energy (VHE) 

and ultra high-energy (UHE) gamma-rays.
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X-ray/Gamma-ray Telescopes

15XMM-Newton

Fermi

Integral

Swift

MAXI



Ground-based gamma-ray observatories
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MAGIC HAWC
(Major Atmospheric Gamma 
Imaging Cherenkov Telescopes)

(High Altitude Water Cherenkov Observatory)



Beginning of observational high energy astrophysics
• 1911-1912: Victor Hess discovered cosmic rays by using 

balloon
• 1936 Nobel Prize in Physics

• 1941: Prediction of X-rays from solar corona (Alfven 
1941)
• 1949: Discovery of X-rays from the Sun with a V2 rocket 

(Burnight 1949)
• Given the faintness of X-rays from the Sun, it is not 

encouraging to search cosmic X-rays
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Early days of X-ray astronomy
• 1901: the 1st Nobel in physics is for Wilhelm Rontgen due to his 

discovery of X-rays in 1895.
• 1962 Jun 19: the 1st X-ray detector is put into the space by a rocket. 

The project is led by Riccardo Giacconi and Bruno Rossi.
• Search for X-rays from the moon.

• Discover a bright X-ray source: Sco X-1
• The first X-ray source outside the solar system

• Since then, many X-ray rocket missions were launched
• The first X-ray astronomy satellite, Uhuru, was launched in 1970
• 2002: R. Giacconi was awarded the Nobel Prize in Physics



Early days of X-ray astronomy: the discovery of Sco X-1

Pre-launch Discovery of Sco X-1

Giacconi+ 1962



What about the moon?

20Schmitt+ 1991



Gamma-ray astronomy takes a longer journey

• If an object emits the same power in X-ray and gamma-ray, 
because gamma-ray photons are more energetic, we receive 
fewer photons.
• Detector with larger collecting area and longer exposure time

• 1958: Gamma-rays from a solar flare (Peterson+ 1958)
• 1967: First detections of gamma-ray bursts (GRBs)
• Reported in 1973 though (Klebesadel+ 1973)

• 1968: Discovery of Galactic gamma-rays (> 100 MeV; Clark+ 1968)
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X-ray/Gamma-ray Detectors and Properties

• Proportional counter
• Scintillation counter
• Micro-channel plate
• CCD
• X-ray calorimeter

• Field of view
• Angular resolution
• Energy bandpass and energy 

resolution
• Absolute time and time 

resolution
• Effective area
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Imaging Techniques
• Image is very important in astronomy
• Localisation, resolving multiple sources, separating from the 

background
• Collimators
• RXTE, MAXI/GSC

• Coded masks
• INTEGRAL, Swift/BAT

• Focusing optics + position sensitive detector
• Chandra, XMM-Newton, Swift/XRT, NuSTAR

• Multiple layers, position and time sensitive detectors (Hsiang-Kuang Chang’s talk)
• Fermi/LAT
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Collimators
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MAXI/GSC
From RIKEN



Coded masks

25From Wiki

INTEGRAL/JEM-X

INTEGRAL/IBIS



CCD Detectors
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Chandra ACIS XMM-Newton EPIC



X-ray focusing optics

27



28

X-ray focusing optics

Chandra

XMM-Newton
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XMM-Newton
(0.2-12 keV)

NuSTAR (3-79 keV)



Tomorrow lecture

• What is up in the high energy sky?
• What can we do with modern X-ray/gamma-ray instrumnets?
• How can you contribute?
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Homework (optional)
•We will use the Slack channel (lectures-kong)
• Before tomorrow lecture, please write in the Slack channel 

how high energy observations help understand your current 
research (if you are already working on some research 
projects). A few sentences are sufficient. 
• If you have no research experience, you may just read, 

comment, or ask questions.
• I encourage all of you to comment others’ opinion.
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